Abstract -Our aim was to validate the effectiveness of steep pulse irreversible electroporation technology in human large cell lung cancer cells and to screen the optimal treatment of parameters for human large cell lung cancer cells. Three different sets of steep pulse therapy parameters were applied on the lung cancer cell line L9981. The cell line L9981 inhibition rate and proliferation capacity were detected by Vi-Cell vitality analysis and MTT. Steep pulsed irreversible electroporation technology for large cell lung cancer L9981 presents killing effects with various therapy parameters. The optimal treatment parameters are at a voltage amplitude of 2000V/cm, pulse width of 100μs, pulse frequency of 1 Hz, pulse number 10. With this group of parameters, steep pulse could have the best tumor cell-killing effects.
INTRODUCTION
A steep pulse can cause unique intracellular effects that induce irreversible electrical breakdown, effectively killing tumor cells. Steep pulse can suppress tumor growth and proliferation. It shows a good application prospect in comprehensive treatment of the tumor (Luo et al., 2012) . It has opened up a new method for the study and control of biological cells. Previous studies have shown that a steep pulse has a role in killing different types of tumor cells that has not been extensively reported in the literature (Luo et al., 2012) . Research will verify the validity of steep pulse in killing the lung cancer cell line L9981. We screened the best treatment parameters for L9981, and provide a theoretical basis for researching the mechanism of action of steep pulsed and irreversible electrical breakdown.
MATERIALS AND METHODS
Human, highly metastatic, large cell lung cancer cell lines L9981 were screened to establish a single cell clone from human large cell lung cancer cell lines WCQH-9801 by Prof Zhou Qinghua. The large cell lung cancer cell line L9981 is highly invasive and highly metastatic. RPMI-1640 medium and newborn calf serum were obtained from GIBCO Co.; Trypsin, HEPEs and EDTA were from Amresco Co. Other conventional reagents were obtained from domestic companies.
Equipment
We used an energy controllable steep pulse therapeutic apparatus (Fig. 1 ), designed and manufactured by the Ministry of Education Key Laboratory of Chongqing University, which combines different pulse parameters, producing an energy-controllable steep pulse by capacitor energy storage and discharge. The electrode needle is made from platinum. A Vi-Cell Cell viability analyzer was obtained from Beckman Coulter, USA.
Steep pulse processing
L9981 cells were grown in RPMI-1640 medium which contained 10% fetal bovine serum at 37 o , 5% CO 2 . When the cells reached 80% growth confluence, they were trypsinized. The cell concentration was adjusted to 1×106 cells/ml and placed in an electrode cup (700 μL). The setting the steep pulse parameters was for L9981. Parameter settings were: voltage, 600V/cm; pulse width, 100 μs; repetition rate, 1 Hz; number of pulses, 10; grouping, NC; does not handle, T1; by parameter processing, 1; T2, repeat the processing according to the parameters, 2; T3, repeat the processing according to the parameters, 3.
Parameter screening of steep pulse technology
Parameter sets for steep pulses that were used for irreversible electroporation of large cell lung cancer cells were as follows: parameter setting 1: voltage: 600V; number of pulses: 10; repetitions: 0-8; setting 2: voltage: 400V/600V/800V/1000V; number of pulses: 10; repetitions: 6; setting 3: voltage: 800V; number of pulses: 10; repetitions: 0-8, setting 4: voltage: 800V; number of pulses: 10/15. At every setting, the frequency was 1 Hz and pulse width was 100 μs.
Cell procedures
Cell counting and analysis of cell activity was performed by using Vi-Cell cell viability analyzer. In order to prepare samples for analysis 100 μL of cell suspensions were mixed with 900 μL of 1×PBS buffer. The proliferation rate of large cell lung cancer cells was evaluated by the MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) colorimetrical assay. Samples were incubated with MTT (5mg/ ml in PBS) for 4 h. The MTT-formazan precipitate was dissolved in DMSO. The microplate reader was used to measure absorbance of cell samples at 490 nm. The relative inhibition rate of cell growth was evaluated according to formula (Long et al., 2012) :
Cell growth inhibition= (OD repeat 0 time -OD repeat n times )/ OD repeat 0 time ×100%.
Statistical analysis
Statistical software SPSS 11.0 was used to analyze the effect of different sets of steep pulse therapy parameters on lung cancer cell viability, proliferative capacity and cell cycle inhibition. The statistical level of significance was set at 0.05.
RESULTS AND DISCUSSION
Our research shows that cell death was optimal at 2000 V/cm, a pulse width of 100 μs, a frequency of 1 Hz, 10 pulses and 6 repeats (Figs. 5, 6; Table 1). Lung cancer has the highest morbidity and mortality of all malignant tumors (about 25.4%). In recent years, the trend of its morbidity has been upward (Siegel et al., 2011; Chen et al., 2011; Wang et al., 2011 6% (Peng et al., 2011) . Unfortunately, many patients already develop advanced stage of lung cancer at diagnosis, which is associated with lower efficiency of treatment (Wei et al., 2012) . In recent years, longterm survival of patients with lung cancer has not improved significantly. Five-year survival of patients with lung cancer was found to be 15.8% (Siegel et al., 2011) , even though a variety of treatment techniques was developed, and comprehensive cancer treatment has been greatly improved by surgery, radiotherapy and chemotherapy. An integrated treatment has showed an increasingly important role in lung cancer treatment strategies (Zhang et al., 2011 . In recent years, the minimally invasive ablation therapy, aimed at inactivating tumor cells and eliminating tumor burden has attracted attention (Nurwidya et al., 2012; Hu et al., 2012) . New targeted ablation therapy technology has applied freezing (Sabel, 2009; Nishida et al., 2011; Silva et al., 2010) , exposure to focused ultrasound (Hwang and Crum, 2009; Klatte and Marberger, 2009 ), seed implantation (Morris et al., 2009; Wang et al., 2010) , microwaves (Ong et al., 2009; Boutros et al., 2010) and radiofrequencies (Minami and Kudo, 2010; Tacconi et al., 2011) . Compared to traditional chemotherapy, irreversible electrical breakdown characteristics of SPEF has unique advantages in cancer treatment (Hofmann and Evans, 1986) . It is expected to become an complementary means of comprehensive cancer treatment. It was developed by integrating biomedical, electrical and microelectronic technologies . The main mechanism of steep pulse is the irreversible electrical breakdown, membrane formed on a temporary, reversible microporous under the instantaneous high voltage pulse stimulation. After the pulse to be cancelled, the majority of microporous will close at the same time and do not impact on the cell (Weaver 2000) (Fig. 2) . With the increase in pulse dose, the cell membrane and nuclear membrane are in a continuous dynamic process of charging and discharging, forming an electric field in the membrane; the dielectric constant of the cell membrane is different from the surrounding protoplasm dielectric constant. Ultimately, it leads to irreversible electrical breakdown and death in the end (Zimmermann et al., 2000; Beebe , 2001; Chenguo et al., 2004) Fig. 2 .
The destruction rate of liver cancer cells is over 80% after exposure to 1500 V/cm, pulse width 100 μs, pulse frequency 1 Hz, 10 pulses 10, 6 repeats 6 . We observed that cell death with the increase in the number of repetitions. The cell mortality rate is lower than 50% after three repetitions and it cannot effectively kill lung cancer L9981 cells. There are many factors that contribute to the perforation of tumor cells, such as the composition of the tumor tissue, bioelectrical impedance, the type and volume of the tumor cells, electrode shape and arrangement. Statistical analysis showed that the best parameters were: 2000 V/cm, pulse width: 100 μs, pulse frequency 1 Hz, 10 pulses 10, 6 repeats.
From the results of MTT data, under the condition of Vi-Cell cell viability detection in the electrical parameters of the cell death rate was only less than 40% of the steep pulse, MTT results shows the inhibitory rate more than 99%. We think that, the steep pulse electric treatment could affect the paste-wall capacity and (or) Re-growth capacity. In this experiment, we studied cells in suspension, which differ greatly compared to living tissue. Further studies are needed that parameters the steep pulse electric treatment of cell in cell suspension have what kind of guiding role in the future.
